O6-methylguanine-DNA methyltransferase (MGMT) is one of the DNA repair enzymes in mammals. We previously screened the variant alleles for the MGMT gene in the general population, and found three variants (V1, V2, V3), two of which caused amino acid substitutions (Leu84Phe for V1, and Trp65Cys for V2). In order to accelerate the ecogenetic and pharmacogenetic studies on MGMT polymorphism, we therefore developed a new PCR-based RFLP method for genotyping. The present method has some advantages over the initial PCR-single strand conformation polymorphism (SSCP) method, particularly regarding its simplicity, rapidity and specificity.
Introduction
O6-methylguanine-DNA methyltransferase (MGMT) is an enzyme which removes a methyl group from O6-methylguanine of DNA damaged by alkylating agents. It thus protects DNA from mutations due to replication errors (Coulondre and Miller, 1977) . In cultured human fibroblasts, the activity of MGMT showed over a 20-fold inter-individual difference, including individuals with almost no activity (Rtidiger et aL, 1989) . Based on the assumption that this difference might be derived from genetic polymorphism in the MGMT gene, we previously screened the variant alleles in the general population using a PCR-single strand conformation polymorphism (SSCP) method, and found three variants (V1, V2 and V3), two of which (V1 and V2) cause amino acid substitutions (Otsuka et al., 1996) . V1 had C~T transition at nt 262 thus causing Leu84Phe. In addition, V2 had G--*C transversion at nt 207, causing Trp65Cys. The allele frequencies of V1 and V2 were estimated to be 0.162 and 0.002, respectively.
As a step in establishing the clinical significance of this polymorphism, it is necessary to study the characteristics of these mutant enzymes, and such a study is now in progress at our laboratory. A complementary approach is given by assessing the association of polymorphism with muttifactorial diseases, i.e. cancers and neurSdegenerative disorders. To accomplish this, a simple and rapid genotyping method is thus required.
We herein report a convenient PCR-based RFLP method which can be used instead of the original PCR-SSCP method, and also a few examples of its clinical application.
Materials and Methods
After informed consent, peripheral blood was obtained, and genomic DNA was prepared from leucocytes in 5 ml of blood using the standard method (Sambrook et al., 1989) . PCR was performed using 100 ng genomic DNA, the primers, dNTP at 0.2 mM each, 0.45 U of Taq DNA polymerase (Wako, Osaka, Japan) in the presence of 10 mM Tris-HC1, pH 8.3, 50 mM KCt, 1.5 mM MgCI2, 0.1% Triton X-100 at a final volume of 10/zl for 30 cycles as follows: 1 min at 94°C, 1 min at 60°C, and 1 rain at 72°C. The primers were MGMI7 (5'-CTAAGCCCCTGTTCT-CACTTTT-Y) and MGM2 (5'-ACACCGCAGATGGCTTAGTTAC-Y), and final concentration was 0.5 ,uM. For V1 recognition, 2 U of Eam1104I was added to 4,ul of PCR product. Two units of MvaI was used to recognize V2. After overnight incubation at 37°C, the product was subjected to 3% agarose gel electrophoresis and then was stained with ethidium bromide. Jpn J Human Genet
Results and Discussion
As shown in Figs. 1 and 2 , the primers MGM17 and MGM2 produce a 201 bp fragment which contains the entire exon 3 of the MGMT gene. The PCR product derived from wild type gene (W) was cleaved into smaller fragments with either Eam1104I or MvaI: three (128, 20 and 53 bp) fragments with Earn 1104I, and two (91 and 1 i0 bp) fragments with MvaI. On the other hand, the mutations in V1 and V2 eliminate one of two Earn 1104I sites and the MvaI site, respectively. Therefore, two (t28 and 73 bp) bands for V1 and an undigested 201 bp band for V2 were 
Genotypes of MGMT polymorphism in a Japanese family. Note that the two members with genotype V1/V2 (]I-3, II-7) both developed cancer. visualized on agarose gel electrophoresis. The genotypes of MGMT polymorphism in over 100 individuals determined by this method were completely consistent with those screened by the original PCR-SSCP method. The present method seems to be simple and specific, and particularly suitable for the mass screening of a large number of subjects. Figure 3 illustrates an example of its application for analyzing a family whose propositus (II-3, genotype V l/V2) suffered from colorectal cancer. It is considered noteworthy that one of his siblings (II-7, genotype VI/V2) also suffered from cancer of the thyroid. Another example is shown in Table 1 . It shows the distribution of the genotypes for MGMT polymorphism in normal subjects and 30 patients with colorectal cancer from such "cancer families." No significant difference was observed in the distribution of the genotypes between the two groups. In this survey, none of the 30 patients carried genotypes V1/VI, V1/V2, W/V2 or V2/V2. We should thus further investigate patients with cancers of various organs, such as the brain, lung, urinary bladder and female reproductive organs. This newly develQped method for genotyping MGMT polymorphism is thus considered to accelerate both the ecogenetic and pharmacogenetic studies on MGMT polymorphism.
